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In a view point of cavity performance related to beam dynamics.

1. Superconducting multi-cell cavities

Fabrication, Tuning, Surface treatment, Testing
Gradient performance

2. Technology for High Quality Beam

HOM damper, Piezo tuner, Digital feedback control
Coupler kick issue

Alignment tolerance for long ILC linac

HOM-BPM for alignment confirmation



Superconducting Multi-cell Cavity




Superconducting ViulticelliCavities

1.3GHz TESLA cavity for XFEL, project-X and ILC
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KEK ERL 9-cell cavity (1.3GHz) with beam pipe HOM absorber.
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7-cell cavity of 1.5GHz JLAB 100mA cryomodule
with HOM coupler 5-cell cavity of 1.5GHz
with waveguide HOM coupler
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BNL ERL 5-cell 7083MHz cavity Cornell 2 cell cavity
for ERL Injector

variations
Frequency
Cell shape
HOM damping scheme
Input coupler

KEK 2 cell cavity
for ERL Injector




TESLA Cavity. Eabrication
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Short End group End cell : short side HOM1 input port beam pipe
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Dumbel x8
center cell x8
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Long End group beam pipe pickup port HOM2 End cell : long side

56 parts: Nb (RRR>300)= 46, Nb-Ti =10, by press, burring, machining
75 Electron Beam Welding (EBW) place S



n-mode frequency, field flathes and eccentricity tuning done by 6 jaws.

Push and Pull freq. tuning by 6 jaws,
keeping cavity straightness.

DESY-FNAL-KEK Pre-tuning machine

[
Each cell eccentricity measurement
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Surface freatment
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Electro-Chemical Polish
Use Sulfuric acid + HF mixture
Apply voltage
between center Al electrode and Nb cavity
Optimize parameter for smooth surface
without sulfur residual particle
voltage and temperature are key parameter
Successive rinsing is another key technology
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Cavity. lesting

JLAB: AES cavity results March 09 — March 10
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AES8: 1st pass
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* NOteAES6 quench limited by one defect in cell#5

6 1()9 during 1st pass testing; still limited by one defect in
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7 10°

Vertlcal Dewar test i | I . ; ; i
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Gradient Performance. of: IESLLA cavities

BJLab/DESY first successful test of cavities from qualified vendors - ACCEL+ZANON+AES (32 cavities) BJLab/DESY (combined) up-to-second successful test of cavities from qualified vendors - ACCEL+ZANON+AES (27 cavities)
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Cavity Database Team
Mar.28, 2010 Beijing meeting
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Diagnostics; instruments

yenchyocationyaentification,

lo1g
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V/m (Quench)
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T-map & Xray-map,

2"d sound sensor

together with pass-band
mode measurement,
location of quench is
identified.

Inspection camera visualize
what’s happen inside.
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What:siinside at guenchjocation

Pit; appeared after bulk EP,
limit to 16MV/m

@ local grinding & EP

27MV/m

@ additional EP

38MV/m

Bump at heat affecting zone,
limit to 20MV/m

@ local grinding & EP

30MV/m

@ additional HPR and bake

34MV/m
11



Technology for High Quality Beam




HONDamper:

‘applications

TESLA Cavity HOM Coupler
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9- cell Cornell beam pipe HOM absorber
of ERL 2 cell injector cavity
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mirror symmetry orientation,
asymmetric shape of half end-cell



HONDamper Performance

TESLA cavity HOM Qext KEK 9cell ERL cavity HOM Impedance
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HOM impedance by Beam pipe HOM absorber
damping is two-order smaller than TESLA
HOM coupler damping.
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Erequency lunersiforPulsed B operation

Slide-jack Tuner in the center, or

in the end

Piezo actuator installed
mechanical tuner for
frequency control

GDE S1-Global project
is a test stand of these
three kind tuner

comparison.
(actually 4 kind of tuners)
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LLorentz Eorce Detuning Compensation
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Precise dlgltal feedback:control

cavity pickup -> Down converter -> AD -> FPGA -> DA -> 1Q modulator
By vector sum control

RF amplitude of each cavity 10" error=0.007%ms
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STF feedback boards and its performance as an example



QL tuninglinvector-sum feedback:control

In case of multi-cavities cryomo

ule powered by single klystron

Variations in Loaded Q

7 By vector sum control
. /

gradient [V/m]

1000

time [us)

8 cavities

600 800 1000 1200 1400
time [us]

When QL of each cavity are variated, voltage at flat-top will variate, and weak cavity

tend to reach its quench level.

Even if QL are adjusted for nominal beam loading by tuning of input coupler coupling i@’
the voltage will variate in case of beam off.



Couplerkickissue
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Asymmetric arranement of couplers RF field asymmetry by main coupler
introduced discussion on emittance and HOM antenna is another issue

growth in ILC main Linac, in 2006-2008. for beam kick.



Coupler kick effectinILC Linac
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Assume following local misalignment only

Vertical Horizontal
Quad Offset (um) 360 1080
Quad Roll (urad) 300
Cavity Offset (um) 640 1920
Cavity Pitch and 300 (pitch) | 900 (yaw)
Yaw (urad)
BPM Offset (um) 360 1080
BPM Roll (urad) 0
BPM resolution (um) 1 1
BPM scale error 0 0

Simulation by code SLEPT,

using DMS(Dispersion Matching Steering),

15GeV -> 250GeV

(K. Kubo, Beijing GDE-meeting, Mar.2010)

Alignment Tolerance of LG Linac

Cavity offset contribution

to vertical emittance growth is 7%

Cavity tilt contribution is 1%

35
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25

10

A7/ Quad Offset

‘| Cavity Offset
»X¢ BPM Offset
&N Cavity Tilt

vl BPM Resolution

v/ Quad Rotation
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HOM pickup RF signal ar

HONM-BPlforAlignment Confirmation

BPM.:
9ACCe6

BPMs are recorded for

many beam passage with

Electron 1nC,
single bunch

ACC6 cryomodule
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Steering
magnet

Vertical
and
horizontal
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orbit scan.
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frequency vs abs of fft spaotrum
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‘Within bandpass filter
Without bandpass filter
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1600~1650 MHz
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1690~1790 MHz
«—>

TM110-1,3,4,5
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B
frequency [He]

K. Watanabe 2-5GHz

BPM:
9ACCS
HOM1 HOM?2
Output Output
Splitter Splitter
Band pass filter Band pass filter
RF amp ~ATT RF amp - ATT
ch2 ch3 ch4

Splitter : Mini circuit ZN2PD2-50-S+
500-5000 MHz
Band pass filter : LORCH MICROWAVE
STF-1500/3000-5N 29971 S/N AF2
moveable filter band width = 50 MHz
RF amp : Mini circuit ZX60-3011, 400-3000 MHz
Gain +15 dB
Oscilloscope: Tektronix TDS7404 4GHz, 20Gs/s
Digital Phosphor Oscilloscope

LAN Linux server

Matlab program

Fle Edit Vet Horz/Acq Trig Display Cursor Meas Mask Math App Myscope Utiities Help Button
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Cavity.offsetin cryomodule by:HOM-BPl

Recorded HOM signal are analyzed to estimate HOM center and polarization axis.
Cavity offsets are estimated by HOM center, relative to BPMs axis.

ACC6 module at FLASH
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3 modules average offset: X=-0.21 +/- 1.23 mm
Y=-0.51 +/- 0.78 mm



1. TESLA cavity is a major one among high performance
cavities. Fabrication, treatment, tuning, and testing are reviewed.
Its gradient performance is close to 35MV/m average.

2. Difference of XFEL,ILC application and ERL application
are; HOM damper(antena or absorber),
LFD compensation(Piezo compensation or not)

3. Following beam dynamics related issues are also reviewed;
HOM damping,
Piezo LFD compensation,
Vector-sum digital feedback control for flat energy beam,
Coupler kick issue,
Alignment tolerance for long ILC linac,
HOM-BPM method for alignment confirmation,
Cavity alignment in the cryomodule need to be considered.
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The figures and pictures are borrowed from many collaborators and the following web-site:
ILC-GDE, DESY, workshop presentations and conference papers.
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